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(54) Magnetic recording medium 

(57) A magnetic recording medium having an inter- 
mediate layer excellent in conductivity, surface proper- 
ties and strength, and excellent in electromagnetic 
characteristics, physical properties, etc.. which com- 
prises a non-magnetic intermediate layer having a thick- 
ness of 0.5 nm to 3.0 nm formed on at least one surface 
of a non-magnetic support, and a magnetic layer formed 
thereon, said magnetic layer being mainly composed of 
a fenromagnetic powder and a binder and having a 
thickness of 0.1 ^m to 0.5 (xm. in which said magnetic 
layer is formed on said intermediate layer at least in a 
dry state, and said intermediate layer comprises 

(A) an inorganic material having an average particle 
size of 10 nm to 50 nm and a Mohs' hardness of 7 
or less. 

(B) an inorganic material having an average partide 
size of 100 nm to 500 nm and a Mohs' hardness of 
9 or more, 

(C) carbon black, 



a lubricant and a binder. 
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wav.^tV::ete^™ .e..a. systems using sHo. .eoo^.n, 

format ,s about 0.5 ^m. In such systems using sh^JSSrdi^Sf^'It i"'*^"* wavelength of Hi8 videS 

a magnetic layer thickness of about 1 Mm to 5 urn ra2Th2 ' *® conventional media having 

reproducing, a decrease in output due to ^-^^^^J^LTL^ ^'T"^ °' ^''^^ toss in recorting anj 
recording, recording systems in which new sTgSfe Si "„ • °" digital 
forcMl use. With a further recent increase in rS.dL d^XtZb!!;'''^ "T" "^"'^^ «^ ^V^^-^ 

.ng wavelengths, but also to improve oven«rite cteS^SSLJd^t 1 "'^^""l '^"''^ ""^ ^^'^ *° 
s.gnalshav.ngaplurality Of wavelengths such as2^1^i;?e;^,^'^^^ 

However, the conventional coating iype magnrtfc r^Z^SZ^. ' "^"9* (RLL) signals 

suchasmagnetcfluxdensityarS^er^^r^^^^ 
the above-nrontioned requirements. Properties of the magnetic layers, which does not meet 

are reported in literatures. Japanese Patart Une^m^!^^ ® "^'"9 magnetic recording medL 
Publication No 62-154225. eT. i^^^^gn^^eS'lT^^^^^ T^"^' '^"^ ^^^^'^ ^"^^ 
n^gnet-c powders are used to keep the rJd^l^Z Si ti^S^'^T niagnetization amount such as metal 
decr««ng the rragneticlayertoavery thin thlci^e^ri^^^^^^^ ^ "'ore. thereby 

However, when the magnetic layer is direcHv fryr^ZZ. or 1 Mm or less, 

easily by adverse effects caused b^rsLrf^^'tSnS Z^ii^'"""^.'^'"^^- '^^^^ *s affected 

1 m or less reproduces the rough surface of Se no^^^f« ^"'^'^ Specifically, a magnetic layer thickness 
deterioration of head touch and ^rSSy J^a dec^ea^i^Snrf °" '"'^'^ °' "^^"^ ^V^- 2 

On the other hand, the magnetic la^r uruaiiJ^!!^^^^^ ^ 
ing the mechanical strength of^het^feXX^^^^^^^^^ T '^'*"='"9 -^'anc- 

size than ferromagnetic powders such as a-alumS ^ * "^P'®' '^'Q^'er in hardness and larger in 

(for example, conductiv;carbon 42^h:v;rate^^^ 

(for example, fatty adds and fatty acid esters) in aSn^ ^^"^ lubricants for increasing the reliabilih^ 

layer thid«iess of 1 Mm or less d^^^l^l "! 'tTT^^^*' ^"^^"^ ^ ""'^e^s- HoweN^r. a rSgnS 
their effect^ compared with media i^n^ a mS^JStarilSn"^^^?^^ '° *««"^ 

physical rel«bility Of media. On the other hand, if the armu^ST^u^^'"^ ^ '^^'"^ ir- deterioration of the 
the comert Of ferromagnetic powders is relati,^efy7e^r^^,?r!^^^^ 

causing a decrease In recording density. ''^^^eased to reduce the magnetic flux density of the magnetfe layer. 

layerp Tn^^^l^^^Cr) Jl^l'g'SiSnS^n^^r^^^ 'JZZ^'^, '"*--«^'«e layer (includir^ an under- 

For exanple. Japanese Patent nnXvTr^.^ Jli o ur magnetc layer and the support 

njk^^nterSiaTe^^^^^^^^ 

descnbethattheadhesion between the mag^^Sy^SdTe^i^^ and optional lubricants. These patents 
I^er and the high reliabaity of the media can be oSTe^y J^r^l. ,'°'^;f °* ^^^'^ °* "«9netic 
cants and conductive carbon Uack contained in ^T^rT '^^^^^''^ ^ amounts of additives such as binders lubri- 
contained in the magneto layer S^^^s^ir^e^Cd^^ ai^r ' 'erromagn JS^, 

having functions thereof. recording density, and altematvely by fbnuing the intermediate layer 

Japanese Patent Unexamined Publication Nos 1-94523 1-213899 i ,nn>„« 
showfbrmatron of intermediate layer mainly conposedofSn' iLi^" ^ ^ 63-191315 (U.SP 4.963,433) 

300419 describes that functions such as condurtK^^Te oiSn^Z. Unexamined Publication No 1 - 

mainly composed of the non-magnetic iriorgan^^riL o^r^'tv ^ intermediate layer is 
can tevegood surface roughness toinprove the s^aceor^^^^ whereby the intermediate byer 

Further. Japanese Patent UnexarZed PM^^ tSlS^^lT^^ '^'^^ ^"^"^ 
prsing a non-magnetic support and a soft magneS iwerThiS, o1;IS.S,?^ ? "^^"^'^ '^'"^ 00m- 
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one kind fine powders selected from the group consisting of oxides, carlwdes and nitrides having a larger average par- 
ticle size than a soft magnetic powder contained in said soft magnetic layer or a non-magnetic powder contained in said 
non-magnetic layer and having a new Mohs' hardness of 6 or more in an amount of 2 to 20% by weight based on said 
soft magnetic powder or said non-magnetic powder". It also discloses that preferred examples of the non-magnetic 

5 powders used in said nonmagnetic layer include inorganic powders such as carbon black, CaCOs. titanium oxide, bar- 
ium sulfate, riron oxide, a-M^Oz and a-iron oxide, and that examples of the oxides, carbides and nitrides having a new 
Mohs' hardness of 6 or more include AI2O3. Cr203. a-Fe203, Zr02, titanium oxide, silicon carbide, boron carbide, silicon 
nitride, boron nitride and titanium nitride. Furthermore, U.S.P. 5.455,1 12 (Japanese Patent Unexamined Publication No. 
5-217149) describes "(1) a magnetic recording medium comprising a lower non-magnetic layer formed on a non-mag- 

10 netic support, said lower non-magnetic layer containing non-magnetic powders dispersed in a binder, and an upper 
magnetic layer further formed thereon while said lower non-magnetic layer is in a wet state, said upper magnetic layer 
containing ferromagnetic powders dispersed in a binder, wherein said upper magnetic layer has an average thickness 
of 1.0 nm or less, and the non-magnetic powders contained in said lower non-magnetic layer comprise (A) a granular 
inorganic powder having an average particle size of 10 nm to 80 nm, (B) cait>on black having an average particle size 

75 of 10 nm to 40 nm and (C) a third component larger in size than said granular inorganic powder (A) and carbon black 
(B): (5) the magnetic recording medium described in (1), wherein the volume ratios of the three kinds of powders (A), 
(B) and (C) are (A): 40% to 80%, (B): 15% to 40% and (C): 2% to 26%; and (6) the magnetic recording medium 
desaibed in (1), wherein (A) contained in said lower non-magnetic layer is one member selected from the group con- 
sisting of titanium oxide, barium sulfide, silica, alumina, zinc oxide and a-iron oxide." It also describes that preferred 

20 examples of the powders (C) include a-alumina having an a conversion rate of 90% or more, p-alumina, y-alumina, a- 
iron oxide. Ti02 (rutile and anatase), Ce02, Sn02. ZnO, Zr02. SiC, TiC, Si02. CrgOa. BN, M0S2 and VVO2. These mag- 
netic recording media described in Japanese Patent Unexamined Publication Nos. 5-217149 (USP 5.455.112) and 5- 
242455 are produced by the so-called wet-on-wet system, in which both the intermediate layer and the magnetic layer 
are formed in a wet state. This system is described in detail in Japanese Patent Examined Publication Nos. 5-59490 

25 and 5-59491 . Japanese Patent Unexamined Publication No. 5-73883 (EPA 520.155). etc. It is reported tiiat tiie wet-on- 
wet system makes it possible to relatively easily form coated layer having a thickness of 1 or less, compared witii 
the conventional one by one (wet-on-dry) coating system, and particularly, the surface properties thereof are good. 

However, in tiie case of the intermediate layer mainly composed of carbon black and the binder which are repre- 
sented by Japanese Patent Unexamined Publication Nos. 60-35323 and 60-164926 (EPA 152.058). it is difficult to uni- 

30 formly disperse conductive carbon black in the binder because of specific surface area and oil absorption 
characteristics of the conductive carbon black. Further, the coating liquid prepared have high tiiixotropic viscoelasticity 
induced by tiie structure of carbon black contained therein, which influences the leveling and smoothing of coated sur- 
face, resulting in a tendency to cause roughened surface of the intermediate layer. However, if the coating liquids are 
diluted witfi large amounts of organic solvents to inhibit the ttiixofropy, voids are formed by evaporation of the organic 

35 solvents in coating, which is liable to roughen the surface of the intermediate layer. 

Further, in the case of the intermediate layer mainly composed of carbon black and the non-magnetic inorganic 
materials represented by titanium oxide and a-iron oxide, which are described in Japanese Patent Unexamined Publi- 
cation Nos. 1-94523, 1-213822. 1-300419, etc.. small scratches produced by rubbing with guide rolls or nip rolls in 
delivery systems appear noticeably, because of the improved surface state of the intermediate layer. This phenomenon 

40 is presumed as follows. 

For a medium comprising a non-magnetic support sufficientiy low in stiffness, when a surface of a non-magnetic 
layer formed is rubbed in a delivery system of a coating machine, the non-magnetic support is somewhat deformed and 
energy escapes to a back surface thereof. It is tiierefbre difficult to be scratched. However, increasing the stiffness of 
the medium prevents the non-magnetic support from being deformed and energy caused by rufc)btng is directiy given to 

45 a surface of an intermediate layer, which causes the surface to be scratched. The stiffness of the non-magnetic support 
is proportional to Young's modulus of the support, and increases in proportion to the third power of the thickness of the 
support. A PET film is liable to be remarkat)ly scratched at a thickness of 20 |Am or more. \/Vhen a film having high 
Young's modulus such as a PEN or aramid film is used, it is liable to be remarkably scratched even at a thickness of 
less than 20 fim. In addition, filling the intermediate layer with an inorgank: pigment or carbon black increases tiie stiff- 

50 ness of the intermediate layer, so that the stiffness of the medium is also increased. Scratches are therefore further lia- 
ble to be developed. 

An intermediate layer mainly composed of carbon black or containing carbon black in an amount required to obtain 
at least the conductivity or the shading property is also liable to be scratched. The reason for this is that the surface of 
the intennediate layer composed of carbon black is scratched by rubbing it witii a guide roll, etc. in a delivery system of 
65 a coating machine, because carbon black itself is a soft pigment. Even the intermediate layer having these scratches 
on tiie surface thereof can be used, scarcely exerting adverse effects, if a magnetic layer having a thickness of more 
than 1 nm is formed tiiereon, or the medium is used for applications other than saturation recording. However, when a 
magnetic layer having a very thin thickness of 1 ^m or less is formed, the scratches are reproduced on the surface of 
the magnetic fayer, resulting in a tendency to deteriorate the surface roughness and to produce fluctuations in thick- 
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such as conductivity, surface properties and ^tf^STS I^^L^ ?^ ^ 'ntermediate layer having multifunclions 

The media having the intermediate lavef S^nh!^ T '"*«^"'«'iate layer have been insutfident. 
(USP 5.455.112) andi242^TrSS:^remTme1^^^ ^o^. 5-217149 

magnetic layer and the imemiediate lay^SSri^rnSe^^^^^ 

th,s v.et-on-wet system, the magnetic layer andZTmem^^lTl ^ wet-on-wet system. However, according to 
mgly. the interlace between the magnefe teyer a^TeTrS^mlSf f "^T^^ ^"^^ ^i^- Accord- 
dency to produce fluctuations in thiSSsTiTe^rgnSS^^^ '! '"fK" *° « ten- 

layer having a thickness of 1 Mm or less is almoJTuS far rt-Ur*^ ^ "^^"^ «"^P"sing the magnetic 
d.rectly contribute to fluctuations in olSuS eTsSTss L^l!^^^ ^'^ to 

d^bes that fluctuations at the interfere arel^roS, ^^SS^XT^. ^"^"^'"^^ Publication No 5-73883) 
Of 0. 1 Km to 0.5 Mm. the fluctuations are irisufficSv Sj^^^Tdl^n^o ""^^ ^ "^'^ "^"^ 

he wet state) with Comparative Exairple 4-4 ton^^^t^'^y *° t comparison of Example 4-1 (coating in 
Unexamined PuWicatfon No. 5-73883)Then the m^nSr^^™ ^^^^ ^'''^ ^'^"^^ P«e"t 

date layer having a thickness of 3 gm. the one-^Sne fw^^on^r^? . ^ ^'^""^'^ '^^^^ '"t^^-^e- 
whereasitdoes "ot provide a satisf4onrX1niS^TffhT,t2 "^'"^ ^" without fluctuations in thickness, 
with the coating in the wet state. *° *® roughness of the intermediate layer, compared 

SUMMARY r> P THE IMVFMTir>Kf 

and electromagnetic characteristics, using the co^rJo^ onlu,^ , "'^^^ roughness and excellent in reliability 
so-called wet-on-wet system Asa result me p^nTrento^^^^^^ 

can be solved at once by using an imermedV4Tal7r 1^.1" ^ t^at the above-mentioned problems 

ing ^ific partide sizes andUcif rMo^^taSiS Zs'^^^^ ' """^^ °' '"^'^^ 

According to the present invention, there are pr^jS;i completing the present invention. 

nebc layer being mainly composed of a tencZ^S^^^ » k h'^^w'L"' ^« "«9- 

Hm. in which said magnetic layer is formed cTaWirter^^^^^ ^ ^'"9 ^ 0- 1 J^-" to 0 5 

layer comprises °^ ^"^ -ntermediate layer at least in a dry state, and said intermediate 

(A) an inorganic material having an averaae oarticte r^nf^ . ^« 

(B) an inorganic material having an av^ge'Sde Se If JZ^^ " T"' '""^"^ <^ ^ °' 
more. " parncie size of 1 00 nm to 500 nm and a Mohs' haidness of 9 or 

(C) carbon black, a lubricant and a binder; 

(2) "The magnetic recording medium described in in-j,!^*. ^ ^ 

bon black (C) IS taken as {C}. the following equations arTSS'i ' ^' ^ ^ ""^'^^ °* 



{A}:{B} = 99:1-80:20 
{C}/({A} + {B}) = 10-50% by weight; 



(3) The magnetic recording medium described in fi \ /ox 

intem,ediate -ay- is one member sl^^lS^fom Si^^VS^^^^^^ 'T^'^ f^) contained in the 

oxKle. and the inorganic material (B) is one menSl ^l^l^lT «tonium 
oxide; and ®' group consisting of alumina and chromium 



45 s DBP oil absorption s 140 - (0.233 X BET) 



.0730a65A2_L> 



4 



EP0 730 265 A2 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is hereinafter described in more detail. 

The intermediate layer of the magnetic recording medium of the present invention has a thickness of 0.5 to 3.0 [itn. 
5 Being less than 0.5 in thickness deteriorates the surface properties of the intermediate layer due to the influence of 
a filler contained in the non-magnetic support, whereas exceeding 3.0 ^m in thickness reduces shear force in coating 
to cause insufficient smoothing effect, resulting in a tendency to roughen a surface of the intermediate layer. 

The intermediate layer of the magnetic recording medium of the present invention contains (A). (B) and (C) 
described below. 

10 That is, (A) is an inorganic material having an average particle size of 10 nm to 50 nm and a Mohs' hardness of 7 
or less, and preferably an inorganic material having a Mohs' hardness of 3 to 7. 

The surface properties of the intermediate layer can be improved by the inorganic material (A). For this purpose, 
the particle size and the hardness of the inorganic material (A) are important. Theoretically, the surface of the interme- 
diate layer can be smoothed by reducing the size of the inorganic material (A). However, if the particle size is reduced 

15 smaller than a certain size, the dispersibiiity is deteriorated and the good surface properties can not be obtained. On 
the other hand, if the particle size is too large, the dispersibiiity is also deteriorated and the good surface properties can 
not be obtained. 

The average particle size of the inorganic material (A) is 10 nm to 50 nm. and preferably 20 nm to 40 nm. 
The inorganic material (A) is preferably granular in shape. The term "granular" used herein means to have an 
20 aspect ratio (average major axial size/average minor social size) of 1 to 2. The granular shape further improves the sur- 
face properties. 

The inorganic material (A) is preferably a synthetic material having a uniform particle distribution. Preferred exam- 
ples of the inorganic materials (A) include a-iron oxide (having a Mohs' hardness of 6). titanium oxide (having a Mohs' 
hardness off 5.5), calcium carbonate (having a Mohs' hardness of 3), silicon oxide (having a Mohs* hardness of 7) and 

25 barium sulfate (having a Mohs' hardness of 3.5). Of these, a-iron oxide and titanium oxide are preferred, and a-lron 
oxide is particularly preferred. 

A method for synthesizing granular a-iron oxide used in the present invention is described in EPA 623,918 (Japa- 
nese Patent Unexamined Publication No. 6-111280. WO 9.408.336) and a method for synthesizing granular titanium 
oxide is described in EPA 520. 1 55 (Japanese Patent Unexamined Publication No. 5-73883). They are also reported in 

30 Other literatures. Surface treatment may be applied, for example, for adjustment of acid or base absorption, or for easy 
loosening of secondary particles, as so desired, and may be applied to both of inorganic and organic sut>stances. For 
example, TTO-55B manufactured by Ishihara Sangyo Kaisha. Ltd. is surface-treated by alumina. 

The inorganic material (B) is an inorganic material having a Mohs' hardness of 9 or more, and is added to the inter- 
mediate layer, thereby adjusting the strength of the surface thereof. The average particle size thereof is 100 nm to 500 

35 nm. and preferably 100 nm to 300 nm. If the particle size is smaller than 100 nm, the inorganic material (B) is difficult 
to appear on the surface, resulting in the lack of strength. Exceeding 500 nm unsuitably extremely deteriorates the sur- 
face roughness. 

The Inorganic material (B) is preferably a synthetic material, and preferred examples thereof include a-alumina 
(having a Mohs' hardness of 9). chromium oxide (having a Mohs' hardness of 9). silicon oxide (having a Mohs' hardness 
40 Of 9.5), diamond for industrial use (having a Mohs' hardness of 10). aluminum nitride (having a Mohs* hardness of 9) 
and boron nitride (having a Mohs' hardness of 9.5). Of these, a-alumina and chromium oxide are preferred in terms of 
dispersibiiity, and a-alumina is particularly preferred. 

As to the shape of the inorganic material (B). granular or angular particles can be used, and the angular particles 
having high relative abrasive ability are preferably used. 
45 Commercial products thereof include AKP 30. AKP 50. HIT 30. HIT 50, HIT 60. HIT 70 and HIT 80 manufactured 
by Sumitomo Chemical Co., Ltd. They may be surface treated if necessary 

Taking the parts by weight of the inorganic material (A) as {A} and the parts by weight of the inorganic material (B) 
as {B}, {A}:{B} ranges preferably from 99:1 to 80:20. and more preferably from 97:3 to 82:18. in terms of the surface 
properties and the strength. 

50 The intermediate layer of the magnetic recording medium of the present invention contains carbon black as com- 
ponent (C). 

The intermediate layer contains carbon black for two main purposes. One purpose is to maintain a lubricant in a 
coated film of the intermediate layer, and the other purpose is to obtain the conductivity. It is also necessary that the 
dispersibiiity is good to some extent, and that the surface roughness of the resulting intermediate layer is good. 
55 For these purposes, the content of carbon black is required to be restricted to a certain range. When the content of 
cartoon black is taken as {C}. {C}/({A1 + {B}) is preferably within the range of 1 0 to 50% by weight, based on the above- 
mentioned inorganic materials (A) and (B). and more preferably within the range of 10 to 40% by weight. If the content 
is too low, it is insufficient to maintain the conductivity and it becomes difficult to maintain the lubricant. On the other 
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bteek OM Oennan naphtl»l»,e Wade H is SZStth2Sl^S^™" '*«*■ 
fiamea 10 sMsl, ihe Mo^ng omMoK- "s*™" accoi*ng to various oofKBlons, but it Is 

intermediate layer. ^ ^" '»«"9 too large in size roughens the surface of the resulting 

The specific surface area by B E T metfiori /rp-h u, . . 

amount of lul,ricant held in me imermediatVla^ bn Sfe rtJ^ l^lt resulting in a decreased 

required is increased and the dispersibility is dSJoSed ' ^ " o* binder 

.tispreferredthattheDBPoilat^rp«on(cc,loog)and.heBET(.^,g)satis,ytheto^^^^ 

45 g DBP oil absorption s 140 - (0.233 X BET) 

^^'^:^X^^^rX^To!Z r °" *^ -^^^ area (BET, and 

being too h^h in i ese values e^nt^ the^u^rlTf '^Sfbtr "^'^'"^ S?^^ 

diate layer. Further, if both the BET and the DB?^ a^p^ "^f! "'"^'^"^ ^'^''^ 

rated. It is therefore preferred that the range 5 fte DB^l S^rJl^rtt^' L"' ^'^'«'b«"y « extremely deterio- 
to the BET value. Specific values of the DBP mJ^LT above-mentioned equation related 

to110^.00gloraBETof1.5m%'^^^^^^^ 

^^^SXr^:^;^^:^^^^^ -OOB. ^agoB. ^B. ..OB 

7B. IVIA-8B. MA-11B. MA-100B. MAOOORlnd SoB ^m^Z^f^^^ *33B. #328, #30B. MA^ 

#70L manufactured by Asahi Carbon Co UI^ScK^P^f^'Sn^J^'^'"*''" ^^^'"^ Corporation. #80B and 

^^s^^.:^ottrZa^:-HS^^^"^^^ 

dihydnc. trihydric. tetrahydric. pentahydric or hiSS^^ 

unsaturated bonds, or may be branSTed) ^ W Vr SSJ^L^^^^^^^^ ^ ^ ^.'f *°" (^'•^''^h may contain 
They may be used in combination ^ ^«*"a"9 alcohols such as sorbitan and sorbitol 

a^jtSa^^T^e^a^dTh^^ -d palmi«c acid, .earic ac«. oleic 

butyl myristate. butyl palmitate. butyl stearate. n^J.^S^oSfSf ^^^r'^'^"**®^ 

l^^^Z'^T. ---- --^^ 

mcreases the effect thereof. However, if the total «,mTm ^ceeS^^^ '"Z^^ ♦'^^^ significantly 

fatty acds and/or fatly acid esters can not remainT^ ^^^JlT^*^ ^"^^"^ °" "^9"^'= 1^^^^ 
resulting in adverse effects such as «)ntemination ^ a^^TnerheS^r^ °" '"'^''^ 
amount of the fatty acids andtor fatly acid esters fn ttTe^^^. Accorefingly. the total 

more preferably 1 to 15% by weight and most prefSfy it 72?rb^'rM '^^'^^ °- ' *° 20% by weight. 

It IS not necessary for these fatty acids and/or S Jrw JT ^ u ^ ' °" *® •"agnetic powdere. 
such as isomers, unreacted produ^ S reart^^S^^ *° "H"*^ P"^^- ^"^ "^V contain impurities 
the main components. HowJver. me c^l^ alZ^^lT'^^'^'^ ^ Products. oZr th^ 

byweg^prrSrrtT^ji^^^^^^^^ 
beam^seSe'^-rj^^^^^ 

aco^ding to the characteristics of the .^edfal^i^rJSS^^ "^fi!? appropriate^ selectS 

asofteningpo^of about ISO-Corless. an av^S^er:^-^^^^^^ 
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of polymerization of about 50 to about 2,000. It is also preferred that the thermosetting or reactive resins and the elec- 
tron beam sensitive type modified resins have an average molecular weight and a degree of polymerization similar to 
those of the thermoplastic resins, and these resins are applied, dried and calender treated, followed by heating and/or 
electron beam in-adiation. thereby increasing the molecular weight to infinity by reactions such as condensation and 
5 addition. 

The following resins are preferably used as the binders. A combination of a vinyl chloride copolymer and a poly- 
urethane resin is preferred among others. 

Thermoplastic Resins 

10 

Vinyl Chloride Cooolvmers 

Vinyl chloride copolymers are preferably copolymers having a vinyl chloride content of 60 to 95% by weight, partic- 
ularly 60 to 90% by weight, and the average degree of polymerization thereof is preferably about 100 to about 500. 

75 Such vinyl chloride copolymers include vinyl chloride-vinyl acetate-vinyl alcohol, vinyl chloride-hydroxyalkyl 
(meth)acrylate, vinyl chloride- vinyl acetate-maleic acid, vinyl chloride-vinyl acetate-vinyl alcohol-maleic acid, vinyl chlo- 
ride-vinyl acetate-hydroxyaikyi (meth)acrylate, vinyl chloride-vinyl acetate-hydroxyalkyi (meth)acrylate-maleic acid, 
vinyl chloride^inyl acetate-vinyl alcohol-glycidyl (meth)acrylate, vinyl chloride-hydroxyalkyl (meth)acrylate-glycidyl 
(meth)acrylate, vinyl chloride-vinyl acetate-vinyl alcohol-glycidyl (meth)acrylate. vinyl chloride-hydraxyalM (meth)acr- 

20 ylate-allyl glycidyl ether and vinyl chloride-vinyl acetate-allyl glycidyl ether copolymers. In particular, copolymers of vinyl 
chloride and monomers containing epoxy (glycidyl) groups are preferred. 

Further, it is preferred that such vinyl chloride copolymers contain sulfuric acid groups and/or sulfo groups as polar 
groups (hereinafter referred to as S-containing polar groups). In the S-containing polar groups (-SO4Y and -SO3Y), Y 
may be either H or an alkali metal. However, it is particularly preferred that Y is K. namely -SO4Y and - SO3Y are -SO4K 

25 and -SO3K, respectively The copolymer may contain either of these S-containing polar groups or both. When both are 
contained, the ratio thereof is arbitrary. These S-containing polar groups are preferably contained in molecules in an 
amount of 0.01 to 10% by weight, and particularly in an amount of 0.1 to 5% by weight, in terms of S atoms. 

In addition to the S-containing polar groups. - OPO2Y -PO3Y -COOY. amino (-NR2) and -NR3CI groups (wherein Y 
represents H or an alkali metal, and R represents H, methyl or ethyl) can also be added as polar groups if necessary 

30 Of these, amino groups may not be used in combination with S-containing polar groups, and may be various ones. In 
particular, dialkylamino groups (preferably, alkyi has 1 to 10 carbon atoms) are preferred. Such amino groups are usu- 
ally obtained by amine modification. A vinyl chloride-alkylcarboxylic acid vinyl ester copolymer is dispersed or dissolved 
in an organic solvent such as an alcohol, and an amine compound (a primary, secondary or tertiary amine such as a 
fatty acid amine, an alicydic amine, an alkanolamine or an alkoxylalkylamine) and an epoxy group-containing com- 
as pound for allowing saponification reaction to proceed are added thereto, thereby obtaining a desired amino group. Vinyl 
units containing the amino groups are preferably contained in an amount of 0.05 to 5% by weight. The ammonium base 
may be consequently contained therein. 

A resin skeleton to which the S-containing polar group is bound is the vinyl chloride resin, which can be obtained 
by polymerizing vinyl chloride, an epoxy group-containing monomer and another monomer copolymerizable therewith 

40 as so desired in the presence of a radical generating agent having an S-corrtaining strong acid radical such as potas- 
sium persulfate or ammonium persulfate. These radical generating agents are usually used in an amount of 0.3 to 9.0% 
by weight, and preferably in an amount of 1 .0 to 5.0% by weight, based on the monomers. In polymerization, emulsion 
polymerization is preferably used, because many components are water-soluble, and suspension polymerization using 
an alcohol such as methanol as a polymerization medium and solution polymerization using a ketone as a solvent are 

45 also suitable. In this case, it is also possible to use a radical generating agent used in ordinary polymerization of vinyl 
chloride, in addition to the radical generating agent having an S-containing strong acid radical. Further, it is also possi- 
ble to use a reducing agent such as formaldehyde sodium sulfoxylate, sodium sulfite or sodium thiosuKate in combina- 
tion with the radical generating agent having an S-containing strong acid radical. 

so Polvurethane Resins 

The polyurethane resins used in combination with the vinyl chloride resins are particularly effective in respect to 
good wear resistance and good adhesion to a support. They may have polar groups or hydroxyl groups on side chains, 
and particularly it is prefen-ed that they have S-or P-containing polar groups. 
55 Such polyurethane resins are obtained by the reaction of hydroxyl group-containing resins such as polyester poly- 
ols and/or polyether polyols with polyisocyanate-containing compounds. The resins are obtained by polymerizing start- 
ing materials described in detail below to a number average molecular weight of about 500 to akx>ut 200.000. and the 
Q value (weight average molecular weight/number average molecular weight) thereof is about 1 .5 to about 4. 
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and -SO.MTsu1S2d g^^pT^ P^^^-^^-^ include -SO3M (suHonic acid group) 

Phinic acid group). ^POM^Shonls aXoS TolSlic;:^!!''^'::^;:'' '^^^^ i^^' 

polar groups, and further -COOM. .NR3X. -Nr5 S Ly^HS^iTLiP'^^T'^'^^^^ ^ P-containing 
Li. Ma. K. -NR3 or -NHR^. R represents an alM qrouD ^T^,2 v , ^ ^^"^ ^^P^^sent H 

erably Na. The pdyurethane r£in in yirtifch at ieSt oSfJ^lf ? represents a halogen atom. In partcular. M is pref^ 
copolymerization or addition reaction^ ^-e^^ ^ Tie^rlf '"'^"^^ ^ 

an amount of 0.01 to 10% by weight and DartimSiv^n^^fn f preferably contained in molecules in 

P<-argroupsmaybeint«x.;ced?n.o'ml^r:^^^^^^^ 

^^^^^Tr.ZT^'?Z'^^^ each have a glass transition temperature 

binder. Further, the total amount of ^rpJly^fftaS^ rS??if nT^lf '^"^^ »" the 

Of the binder. Tfie inclusion Of such pliSSwS^^ 

processabilrty and the elec.romagnSa'SS" uS^a Sit:.'''* ^"""'"^ ^'"'y- 
Such polyurethane resins are obtained bv ea^nn ^f.? 

materials containing raw material resin^eStSSlyr^^ "^"^ ^^^"9 

use of solvents. P°'^ group^ontaining compounds in solvents or withoirt 

•Qiemiosattinq a^-j^ ^ Reaeth/y Roei»« 
ur«,?e:inrbTy?r„t^^^^^^ 
reac.K.e resins, because c^Zi TsCr^^^^^^^ 

acdic polar groups and basic polar groups ind2fng ?OOH^ M m^^^ ^'"^ 
NR2 may be introduced into the termini orihe siSlaS as "tt^f^^; '2 ' -J?^^^ '^^^ -NR3CI and - 
.ngs as defined above. The inclusion of these grourJissu^^^ ""^ '^^'^ 

alone or in combination. ^ '^^ ^"^ ""provement in dispersibility. They may be used 

exani'liS^r^L'L"^^^,':;^^^^^ ^nds of polyisocyanates can be used. Preferr«, 

anate. hexamethylene <i»^yan7e 7r^^^Sn^ZSy^T^^^ 
groups such as trimethylolpropane. and isocy^nu^ ^^""^ ^ P'"^^"^ °* 'V<ifoxy\ 

compounds are combined. The content of the oSnkin^o^^ ^ molecules of diisocyanate 

weight Of resin. The binder resin can t t^iSns^^^^^^^ ^OOP^^by 
crosslinWng agent to improve the durability (TaoSZTay^I """"S^ the 

S0.C.re.100t^rs.=ir^r<^---^^^^^^ 
Electron Beam H^rrianaHi^ q^ip^ 

beamner.?^~r bf ^"ds are induced fer .ectr. 

reacts a pKKiuct (aS^ SSJS^yaSLToTT^^^^^ 

improved urethane modification'which reXTon^oSir hi' 9^*^^^^^^ ^'-^^'^^ ^ ^ ^ 

one rsocyanate group in a molecule, and having no urXne^ J?"n ^ ? ""saturated double bonds and 

tion which reacts a compound having a (m^^^^^l^ "f ^ ^ ^n ester modifica- 

onthehydroxylgroupcomponent.fr^ttre^^^o ^"^^^^^ 
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erably 2 to 10 functional groups per molecule, thereby being capable of obtaining an electron beam hardenable resin 
excellent in both dispersibility and hardenability. 

When these electron beam sensitive modified resins are used, known multifunctional acrylates may be mixed 
therewith in an amount of 1 to 50% by weight based on the total resin component, in order to improve the crosslinking 
rate. 

When the electron beam sensitive modified resins are used as the binders, methods using electron beams and/or 
ultraviolet rays as Irradiation sources in curing are advantageous from the viewpoints of control of absorbed doses, 
introduction into production tines and shielding of ionizing radiation. In the case of the electron beams, it is convenient 
to in^adiate the resins so as to give an absorbed dose of 20 to 200 kilograys by use of electron beam accelerators. In 
electron beam crosslinking, it is important for the resins to be irradiated with the electron beams in an atmosphere of 
an inert gas such as Ng, He or CO2 having an oxygen concentration of 1% or less. The reason for this is that O3 pro- 
duced by radiation exposure is prevented from capturing radicals. On the other hand, when the ultraviolet rays are used, 
known photopolymerizatlon sensitizers are added to the binders containing the electron beam sensitive modified resins, 
and ultraviolet lamps such as xenon and hydrogen discharge tubes are used. 

The content of the binder may be appropriately adjusted depending on its purpose, but it is preferably 10 to 100% 
by weight based on the total parts by weight of the inorganic material (A), the inorganic material (B) and cart>on black. 

Additives other than described above include agents having lubricating effect, antistatic effect, dispersing effect, 
plastic effect, etc. 

As to dispersion, kneading treatment Is conducted by use of known kneaders (such as extruders, open kneaders. 
pressure kneaders and continuous kneaders). or materials mixed in dissolvers, etc. are dispersed by use of known dis- 
persing machines (such as vertical or horizontal sand grinder mills, attriters and ball mills), followed by adjustment with 
appropriate organic solvents to a viscosity suitable for application. 

Intermediate layer coating liquids can be applied by use of known roll coaters (such as gravure type, reverse type 
and dip type coaters), known extrusion type coaters (such as nozzle coaters), etc. 

The magnetic layer of the magnetic recording medium of the present Invention has a thickness of 0.1 to 0.5 \Lvn. 
Being less than 0.1 jim In thickness Is liable to fluctuate the thickness of the coated layer, whereas exceeding 0.5 jim in 
thickness is liable to deteriorate the self-demagnetization and the oven^vrite characteristics in shorter wavelength 
recording. 

The ferromagnetic powders used in the present invention include ferromagnetic metal powders, hexagonal ferrite 
powders and other general magnetic powders. 

Fenromaanetic Metal Powders 

It is preferred that metal alloy powders have a coercive force (He) of 1500 to 3000 Oe. a saturation magnetization 
(os) of 120 to 160 emu/g, an average major axial size of 0.05 to 0.2 fim, an average minor axial size of 10 to 20 nm and 
an aspect ratio of 1 .2 to 20. The He of the magnetic recording medium prepared Is preferably 1500 to 3000 Oe. 

Specifically, the metal alloy powders include powders mainly composed of ferromagnetic metal elements such as 
a-Fe, Fe-Co. Fe-Ni. Fe-Co-Ni, Go and Co-Ni. When such ferromagnetic metal powders are used, fen^omagnelic metals 
(such as Fe, Co and Ni) or alloys are preferably contained In an amount of 70% by weight or more, and more preferably 
in an amount of 75% by weight or more. In the ferromagnetic metal powders mainly composed of Fe and containing at 
least Co, the ratio of Co atoms to Fe atoms is preferably 0 to 40 mol%, and more preferably 6 to 35 mol%. Further, it is 
preferred that the ferromagnetic metal powders mainly composed of Fe and/or Co further corrtaln at least one of rare 
earth elements including Y Furthermore, in these ferromagnetic metal powders, particles may have oxide coatings on 
their surface, surface of particles may be partially carbonized or nitrided, or carbonaceous coatings may be formed on 
surface of particles. 

These ferromagnetic metal powders may be produced by known methods. Examples of the methods for producing 
the ferromagnetic metal powders Include methods of reducing organic acid salts (mainly oxalates) of ferromagnetic 
metals with reducing gas such as hydrogen, methods of reducing hydrous iron oxide or Iron oxide obtained by heating 
hydrous iron oxkJe with reducing gas such as hydrogen, methods of thermally decomposing metal cart)onyl com- 
pounds, methods of adding reducing agents such as sodium boron hydride, hypophosphites and hydrazine to aqueous 
solutions of ferromagnetic alloys to reduce the alloys, and methods of evaporating metals in an atmosphere of inert gas 
under low pressure to obtain fine powders. 

The ferromagnetic metal powders thus obtained may be subjected to known gradual oxidation treatment. The 
methods of gradual oxidation treatment Include methods of Immersing the powders in organic solvents, followed by dry- 
ing, methods of immersing the powders in organic solvents, and then, supplying oxygen-containing gas therein to form 
oxide coatings on surface of particles, followed by drying, and methods of adjusting the partial pressure of oxygen gas 
and Inert gas without use of organic solvents to form oxkJe coatings on surface of particles. 
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1200to2200Oe. ™*"**«™W«K'««ingn»dlum prepared 18 prelMBU^ 

ferrrte and Sr-ferrite. and further, magneto^u^bte S £ teS^),?! ,^! "^^"^ P'"^»e type Ba- 

partcular. ferrite substituted by metal aton^SchJS^o K Ito^^ I ? f Phases. In 

fenite or Sr-ferrite is preferred PreferrS^l^esS^^^^ ^.S^^ fl? *® "^^^^^^ Ba- 

fo«:e include Co-Ti. Co-TI-Sn. Co-Ti-zfct-S^S-^-Zn arStl?^ 'St^^ ''f*'"*^" 

age plate size Is preferably 0.01 to 0.1 and the av^i rt^rJS,! "T'^l '^^"^onal ferrite powders, the aver- 
Plat Size of hexagonal tabular magnetic po^n^nt^^^^fJ^f^^^^^^^ T "^^"^^'^ 1/2 to 1/20. "nie 
tron microscope. ^^^^^^^Sonalplates. which Is measured under an elec- 

General M;^i;inotfr Prirnlrr" 

earth elements. Of these elements, theaddrtion rat?ea^oneof ^sf p ~f^' ' ^^'^ 
tn^e in improving the particle size distribution Tnd pTev^ng ll^in!'' ^ '^^^ ^ ^^"^ ('"«'"ding Y) is effec- 

1 .oe%\Twe^h^bare;:n^r4^^^^^^ 

cas.^:r?e":r;;S:,S:f:S^^^^^^^ T - K. Ca. Pe a,x, ^ . some 

These magnetic powders may beSe^SSL^^^.^""'^ preferably 300 ppm or less, 
active agents. antistaSc age4^ "^"^ ""^"^ ^ d'-^er^ing agents, lubricants, surface 

Of biSe^.""*" P"-*- - 0.1 to 2%. but 

pres^rfSdrL'^^'^^rSir^^^^ 
persing machines (such as vertical or horizolT^ ^^^"Ss ^^^^ °' 
appropriate organic solvents to a viscosity suitatJe for ?iSStTon ^"'""^ ''^ adjustment with 

ex.rr='(sr"is^^^^^ 

date layer to prevent attack of the solvents comaini i^ J^n^^ that shear ,s gn/en to the surface of the interme- 
ofO.i^m to0.5Hm can be Obtained wThiXS^ ^ *^'^ 
yeste':nrS;S^1.1^"J,^^^^^^ 

imides. polysulfbnes^iiulose trStf aSiySS^^'^SI pc^ P""^^*^' P°'yamides. Z- 

preferably used, and particularly, composfte fTmToSJ^ b^SLfT^' T'- '^^'^ polyamides are 

preferred. The use of these fil4 in^es the^« anST^ °' ^ °^ ''^'^ °^ PEN are 

friction characteristics, the film streni ^flTe pSSiviT^ electromagnetK: characteristics, the durability, the 

characterisbcs can be freely comrollXch^iT^e si^^^ '^--"'^ace 

Charge and;or1Si?."aSrSrrn^^ 

tion treatment by heat and/or humidificatioT ^9^"^' '^''^ treatment, relaxa- 
surface roughness is small, but also large peaKs S oZ^Ze do ni St. * " "'"'"'^"^ ™" ^^'^ 
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The heat shrinkage percentage of the non-magnetic support in the longitudinal and width directions at 100*C for 
30 minutes Is preferably 3% or less, and more preferably 1 .5% or less. The heat shrinkage percentage at 80*C for 30 
minutes is preferably 1% or less, and more preferably 0.5% or less. 

The thickness of the non-magnetic support is preferably 4.0 to 75.0 >im. If the non-magnetic support is too thin, the 
mechanical strength of the magnetic recording medium can not be kept, resulting in a reduction in durability. On the 
other hand, If the non-magnetic support is too thick, the total thickness of the magnetic recording medium becomes too 
large, unfavorably resulting in a decreased recording amount per unit volume. 

The present invention is now illustrated in greater detail with reference to the following examples and comparative 
examples, but the present invention is not to be construed as being limited by these specific embodiments. The figures 
shown on the right of the following composition tables are F>arts by weight. 

Evaluation Methods 

(1) Surface Roughness Ra. Rz 

This property was tested by the use of a surface roughness testing devise (produced by Rank-Taylor-Hotjson Corp 
and marketed under trademark designation of "Talystep") at 50.000 magnifications and a measuring wavelength. X of 
3.3 to 167 fim in accordance with JIS (Japanese Industrial Standard) B-0601 (1982). The example length was 0.5 mm 
(the number of values n=5) and the unit was reduced to nm. 

(2) Abrasion (Intermediate Layer) 

A 62-jim thick film provided on both surfaces with intermediate layer was pressed to form a 3.5-inch disk. The both 
surfaces of this disk was pressed against a abrasive tape [GC 8000 (abrasive particleiSiC) manufactured fcjy Nihon 
Micro Coating Co., Ltd.] at a pressure of 1 .0 kg/cm^ by use of compressed air while rotating the disk at about 200 rpm. 
and the time until a scratch was observed was measured every 5 seconds. 

(3) Electromagnetic Characteristics 

An FD1331 drive manufactured by NEC Corp. was modified so as to give 0 track at the outermost perimeter and 
239 tracks at the innermost perimeter, and lOkFCI, 35kFCI and RES (resolution) were shown compared with a refer- 
ence disk. 

As the standard disk, a 12-MB floppy TDK reference disk was used. For modulation (MOD), measurements were 
shown as such. 

35 kFCI(= 35000 FCI): 

FCI = Rux-change per inch 

(The number of 1/2 wavelength per inch) 
The wavelength at 35 kFCI is about 1 .45 ^m. 

(4) Ovenwrite Characteristics 

10-kFCI signals were first written into 0 track at the outermost perimeter, and 35-kFCI signals were overwritten 
thereof. Then, the residual 10-kFCI signals were measured. The values at this time were as follows: 

42 dS lor a magnetic layer thickness of 0.30 ^m 
32 dB for a magnetic layer thickness of 2.0 ym 

Example 1 

Intermediate layer coating liquid (1) and magnetic coating liquid (a) as shown below were prepared. 
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Intermediate Uvgt ratin g uguki (i) 



Inorganic material A 



92 parts by weight 

Granular a-iron oxide (Mohs' hardness: about 6) 
Average particle size: 30 nm 
BET: 35 m^/g 

(Nanotite 30 manufactured by Showa Denko K. K) 



inorganic materials | 8 parts"^^;;; ii^ 

a-Alumina (Mohs' hardness: 9) 
Average particle size: 200 nm 
BET: 9.5 m^/g 

(HIT-50 manufactured by Sumitomo Chemical Co.. Ltd.) 



Carbon black C | 18 parts"b^^;;;i i^ 

Average particle size: 24 nm 
BET: 125 nf/g 

DBP oil absorption: 1 10 cc/100 a 
pH: 8.0 

(#408 manufactured by Mitsubishi Chemical Corporation) 



tziectron beam sens itive Vinyl chloride res.nINV30%l I 66 n^;;^T;;::^ 

Y'^y* chloride-epoxy-containing monomer copolymer 

Average degree of polymerization: 310 
Epoxy content: 3% by weight 
S content: 0.6% by weight 
Acryl content: 6 mol/mol 
Tg: 60*»C 



aectron beam sensi tive polyurethaneresm[NV40% l I 22 n^;^^^;;:!;:^ 
GP^mT^^ ^^"^ ^^""P "^"^'"'"9 P<^ yeLer polyurethane 



Acryl content: 6/molecuIe 
Tg: 20*>C 
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Methyl ethyi ketone 


82 parts by weight 


Toluene 


8 parts by weight 


Cyclohexanone 


74 parts by weight 




(370 parts by weight) 



10 

The components described above were dispersed in a sand grinder mill. Then, the following components 
added thereto, followed by further dispersion to prepare an intermediate layer coating liquid. 



Butyl stearate 


1 part by weight 


Sorbitan monostearate 


3 parts by weight 


Neopentyl glycol dioleate 


9 parts by weight 


Methyl ethyl ketone 


70 parts by weight 


Toluene 


7 parts by weight 


Cyclohexanone 


63 parts by weight 




(523 parts by weight) 



Magnetic Coatino Uouid (a) 

30 



35 



40 



Magnetic metal powder, Fe-Co-AI alloy 100 parts by weight 



BET: 50 nn^/g 
He: 1640 Oe 
as: 135 emu/g 
Co/Fe: 10% by weight 
Major axial size: 0.2 luim 
Minor axial size: 20 nm 



45 



SO 



Carbon black 



6 parts by weight 



Average particle size: 350 nm 
BET: 7 m^/g 

DBF oil absorption: 41 mi/100 g 
pH: 8.0 

(SEVACARB-MT manufactured by Colombian Carbon Co.) 



55 
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g-Alumina | 15 parts by ii;;;;^ 



Average particle size: 200 nm 
BET: 9.5 m^/g 

(HIT-SO manufactured by Sumitomo Chemicai Co.. Ltd.) 



75 



mermosetting vinyl Chloride resin [ 14 parts by w eight 



(MR-1 10 manufactured by Nippon Zeon Ca. LmT 



so 



I 'nermosettingpoiy„rethanereslnINV40%] I 15 parts bv wei^ 
I (UR-8kfuu manufactured by Toyobo Ca, Ltd.) 



25 





Methyl ethyl ketone 


80 parts by weight 




Toluene 


30 parts by weight 


30 


Cyclohexanone 


90 parts by weight 






(450 parts by weight) 





Butyl stearate 


1 part by weight 


40 


Soibiten monostearate 


3 parts by weight 




Neopentyl glycol dioleate 


5 parts by weight 




Methyl ethyl tetone 


55 parts by weight 


45 


Toluene 


20 parts by weight 




Cydohexanone 


65 parts by weight 
(599 parts by weight) 



so 



<»nBi™d in the ,l<„M^* »™""<>'i^ 

(n,m» tolling trMlmert)«,sconclu»edih«MriSS^Sl^ 
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both the surfaces of the film. The resulting product was stamped out to a doughnut-like form having a diameter of 3.5 
inches, and allowed to stand at 60*>C for 24 hours to obtain a floppy disk. 

Electron beam irradiation conditions: 

5 

Electrocurtain type electron beam accelerator 
Accelerating voltage: 150 keV 
Electrode current: 10 mA 
Absorbed dose: 50 kGray 

10 

Calendering conditions: 

Seven-stage calender of steel-elastic rolls 
Temperature: lOO^C 
15 Linear load: 350 kg/cm 

Examples 2 to 5 

Floppy disks were obtained in the same manner as with Example 1 with the exception that the thickness of the 
20 intermediate layer, the application of calendering of the intermediate layer before coating of the magnetic coating liquid, 
and the time of electron beam irradiation (before or after formation of the magnetic layer) were changed as shown in 
Table 1 . In this case, electron beam irradiation "before formation of the magnetic layer" means that the electron beam 
was in^adiated after coating of the intermediate layer coating liquid, drying thereof and calendering when specified so, 
and electron beam irradiation "after formation of the magnetic layer" means that the magnetic layer was formed on the 
25 intermediate layer formed by applying the intermediate layer coating liquid, the drying It and subjecting it to calendering 
when specified so. and subjected to calendering, followed by irradiation of the electron beam. 



Table 1 



30 




Thickness of 
Intermediate 
Layer (^m) 


Calendering of 
Intermediate Layer 


Time of irradiation of Electron Beam 




Exanrple 2 


1.5 


not applied 


after formation of the magnetic layer 


35 


Example 3 


1.5 


applied 


before formation of the magnetic 
layer 




Example 4 


1.5 


applied 


after formation of the magnetic layer 


40 


Example 5 


0.8 


applied 


before formation of the magnetic 
layer 



45 Example$gtQl1 

Floppy disks were obtained in the same manner as with Example 1 with the exception that Intermediate layer coat- 
ing liquids (2) to (7) were each sut)stituted for intermediate layer coating liquid (1). Intermediate layer coating liquids (2) 
to (7) were prepared by mixing inorganic materials A and B in intermediate layer coating liquid (1) at ratios shown in 
so Table 2. 



55 
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Table 2 





Intermediate Layer 
Coating LiquKi 


A:B(weight 
ratio) 


Example 6 


(2) 


99: 1 


Example 7 


(3) 


97:3 


Example 8 


(4) 


95:5 


Example 9 


(5) 


88: 12 


Example 10 


(6) 


85: 15 


Example 11 


(7) 


80:20 



20 



25 



30 



Example 19 

liquid (1) was previously dispersed with^rt Se rS Zm2 J^r""" "^^"f ^ intermediate layer coatir^g 
mill, and the resulting coaling liquid conSrtng Z^^c ^^^ZZ^'T^ '"'"^ d ) by use of a sand grinder 
der of the starting materials was dispersed fbllS bX^Tr h mixed with a coatng liquid in which the remain- 

ha.ng*esan.«ndsofs.rt„o^eriSa:rora:r^^ 

Examplp<^ i?t^ 17 
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Tables 




Intermediate 
Uyer Coat- 
ing Liquid 


Average 
Particle 
Size (nm) 


BET 
(m^/g) 


DBP Oil 
Absorption 
(cc/IOOg) 


PH 


Example 13 


(9) 


22 


134 


100 


3.4 


(MA-iooB manufactured by Mitsubishi Chem cal Coroor, 


ation) 




txample 14 


(10) 


30 




113 


8.0 


(#^Ub ..lanutaciurea Dy Mitsubishi Chemical Corporation) 


txample 15 


(11) 1 


,6 


250 


71 1 


8.0 


(Jf ybUB f Tianuteciurea oy Mitsubishi Chemical Corporation) 




txanpie 16 


(12) 1 


" 1 


260 


47 


8.0 


(ffzaooB manufactured by Mitsubishi Chemical Corporat on) 


txample 1 7 


(13) 




200 1 


50 1 


8.0 


(Moi ttbb iiiaiiufactured by Mitsubishi Chemical GorDoration) 
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Example 18 

Intermediate layer coating liquid (14) was prepared according to the following instructions: 
5 Intermediate Laver Coating Liquid ^4) 



10 



IS 



Inorganic material A 



92 parts by weight 



Granular a-iron oxide (Mohs* hardness: about 6) 
Average particle size: 30 nm 
BET: 35 m^/g 

(Nitite 30 manufactured by Showa Denko K. K.) 



20 



25 



Inorganic material B 



8 parts by weight 



a-Alumina (Mohs' hardness: 9) 
Average particle size: 200 nm 
BET: 9.5 m^/g 

(HIT-50 manufactured by Sumitomo Chemical Co.. 



Ltd.) 



30 



35 



Caitx)n black C 



40 parts by weight 



Average particle size: 24 nm 
BET: 125m2/g 

DBP oil absorption: 53 cc/100 g 

pH: 8.0 

(#45B manufactured by Mitsubishi Chemical Corporation) 



40 



Electron beam sensitive vinyl chloride resin [NV 30%] 78 parts by weight 



Vinyl chloride-epoxy-containing monomer copolymer 



45 



Electron beam sensitive polyurethane resin [NV 40%] 


25 parts by weight 


Phosphorus group and hydroxy group containing polyester polyurethane 



55 
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Methyl ethyl ketone 


128 parts by weight 


5 


Toluene 


13 parts by weight 




Cyclohexanone 


1 1 5 parts by weight 






(499 parts by weight) 



70 



The components described above were disoprcwi in ^ «.«^ ^ 



20 



25 



Butyl stearate 


1 part by weight 


Sorbitan monostearate 


3 parts by weight 


Neopentyl glycol dioleate 


9 parts by weight 


Methyl ethyl ketone 


55 parts by weight 


Toluene 


6 parts by weight 


Cyclohexanone 


49 parts by weight 




(622 parts by weight) 



Example ig 



40 



Cartxjn black 

Average particle size: 30 nm ' 
BET: 70 m^/g 

DBP oil absorption: 50 cc/100 a 
pH: 7.0 

(RAVEN 760B manufactured by Colombian Carbon Co.) 



so 



Example gp 

intermediate layer coating liquid (16) was prepared according to the following i, 



instructions: 
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Intermediate Layer Coating Liquid (16) 



Inorganic material A 


88 parts by weight 


Granular a-lron oxide 
Average particle size: 
BET: 35 m^/g 
(Nitite 30 manufacture 


Mohs* hardness: about 6) 
30 nm 

d by Showa Denko K. K.) 



Inorganic material B 



12 parts by weight 



a-Alumina (Mohs' hardness: 9) 
Average particle size: 200 nm 
BET: 9.5 m^/g 

(HIT-50 manufactured by Sumitomo Chemical Co.. Ltd.) 



Carbon black C 



18 parts by weight 



Average particle size: 24 nm 
BET: 125 m^/g 

DBP oil absorption: 1 10 cc/100 g 
pH: 8.0 

(#40B manufactured by Mitsubishi Chemical Corporation) 



Electron beam sensitive vinyl chloride resin 1 7 parts by weight 



(MR-110 manufactured by Nippon Zeon Co.. Ltd.) 



Thermosetting polyurethane resin [NV 40%] 



18 parts by weight 



(UR-8200 manufactured by Toyobo Co., Ltd.) 



Methyl ethyl ketone 


109 parts by weight 


Toluene 


1 1 parts by weight 


Cyclohexanone 


97 parts by weight 




(370 parts by weight) 
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10 



15 



Butyl stearate 


1 part by weight 


Sorbitan monostearate 


3 parts by weight 


Neopentyl glycol dioleate 


9 parts by weight 


Methyl ethyl ketone 


70 parts by weight 


Toluene 


7 parts by weight 


Cydohexanone 


63 parts by weight j 




(523 parts by weight) j 



wrth tte exception that this coating liquid „^ substSS JS^^ST"; '"^ ^^"P'e ^ 

electron beam was omitted. ^ '^e^«»ting liquid (1) and inadiation of the 

Examnlflg 91 ^« 

ing S 0 ^ toTXr *r^c:siS^ ' ^ -ePton that intermediate layer coat- 

(1 7) to (19) were prepared by using thl^SLIamoSSj^^^^^^^ "T"? "^^""ediate layer coating q^ 

rial B in intermediate layer coating liquifcr 



25 



30 



35 



40 



45 



Example 21 



Intermediate 
Layer Coat- 
ing Liquid 



Table 4 



(17) 



Kind 



a-alumina 



Average 
Particle 
Size (nm) 



(HiT-80 manufactured by Sumitomo Chemical Co . Ltd.) 



120 



i=xample 22 | (18) | chromiuriT^; ;;^^") ^ 



(U-1 manufactured by Nippon Chemical Industrial Co.. LidT 



bxample23| (19) I silicon cartpidP I "\cn 

\ARn.on 1 . ^ . . ^ — I 



(MSC-20 manufactured by Mitsui Toatsu ChemicJis. Inc.? 



BET 
(m2/g) 



18.5 



6.7 



18.2 



Mohs' 
Hardness 



9 



9.5 



50 



55 



Examplfifi 24 and 

(20) and (21) were prepared by using the s^ a^^S^nJ '"t^^mediate layer coatiri liquS 

material A in imermediate layer coa^ngfiqlS^flt^'^'^''^^^^^ 
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Tables 





Intermediate 
Layer Coat- 
ing Liquid 


Kind 


Average 
Particle 
Size (nm) 


BET 
(m2/g) 


Mohs* 
Hardness 


Example 24 


(20) 


titanium oxide 


35 


40 


5 


(T10-55B (rutile type) manufactured by Ishihara Sangyo Kaisha, Ltd.) 


Exarrple 25 


(21) 


barium sulfate 


30 - 3.5 


(BF 20 manufactured by Sakai Chemical Industry Co.. Ltd.) 



15 

Comparative Example 1 

Magnetic coaling liquid (a) was directly applied to one surface of a 62-ftm thick biaxial oriented PET film both sur- 
so faces of which were subjected to treatment for enhancing adhesion, without use of the intermediate layer, subjected to 
random orientation, and dried to form a magnetic layer, and dried. The back surface of the film was further treated sim- 
ilarly Thus, the magnetic layer having a thickness of 0.3 |uim were formed on both the surfaces of the film. The resulting 
product was stamped out to a doughnut-like form having a diameter of 3.5 inches, and allowed to stand at 60''C for 24 
hours to obtain a floppy disk. 

25 

Comparative Example 2 

A floppy disk was obtained in the same manner as with Comparative Example 1 with the exception that the thick- 
ness of the magnetic layer was converted to 2.0 ixm. 

30 

Comparative Examples 3 to 6 

Floppy disks were obtained in the same manner as with Example 1 with the exception that intermediate layer coat- 
ing liquids (22) to (25) were each substituted for intermediate layer coating liquid (1). Intermediate layer coating liquids 
35 (22) to (25) were prepared by mixing inorganic materials A and B and carbon black C in intermediate layer coating liquid 
(1) at ratios shown in Table 6. 



Table 6 





Intermediate Layer 
Coating Liquid 


A : B : C (weight ratio) 


Comparative Example 3 


(22) 


100 :0 : 18[= 118] 


Comparative Example 4 


(23) 


75: 25: 18 [=118] 


Comparative Example 5 


(24) 


0: 100: 18 [=118] 


Conparative Example 6 


(25) 


109:9:0[=118] 



SO 

Comparative Exanrples 7 and 8 

Floppy disks were obtained in the same manner as with Example 1 with the exception that intermediate layer coat- 
55 Ing liquids (26) and (27) were each substituted for Intermediate layer coating liquid (1 ). Intermediate layer coating liquids 
(26) and (27) were prepared by using the same amount of inorganic materials shown in Table 7 in place of inorganic 
material B in intermediate layer coating liquid (1). 
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10 



15 



Table? 



Comparative Example 7 



Intermediate 
Layer Coat- 
ing Liquid 



(26) 



Kind 



a-alumina 



(AKP 20 manufactured by Sumitomo Chemical C^Ti^) 



Average 
Particle 
Size (nm) 



600 



BET 
(m2/g) 



U)mparative Example 8 | (27) |ca;to r5^ ^ETH 

(SEVAOAHB M I manufactured by Colomi)ian Carton Co.) ^ 



Comparative Eyampioc 9 and 19 



Mohs* 
Hardness 



^0 .nsSs^n^s^rssr.^^^^^ 

(28) and (29) were prepared by using thr^mi^unf^H. j^^^^^ 'T i^)- '^ermediate layer coa^ "quids 
material A in intermediate layer coating liquid (1) ^ "^^'^ « P<ace Of inorganic 



25 



30 



35 





Intermediate 
Layer Coat- 
ing Liquid 


Kind 


Average Particle 
Size (nm) 


BET 
(m2/g) 


Mohs' 
Hardness 


Comparative 
Example 9 

{TF-100manufa 


(28) 
ictured by Toda 


granular a- 
iron oxide 

Kogyo Corp.) 


100 


n 


6 


Comparative 
Example 10 

(DPN 250BXm£ 


(29) 
inufactured bv " 


needle a- 
iron oxide 


major axial size: 150 
minor axial size: 23 


53 1 


6 



40 



45 



Comoarativia Exampte 1 1 
Intemiediatft I aver r^tinr^ i -^y,^ ^^^^ 



50 



55 



Carbon black C 



100 parts by weight 



Average partide size: 24 nm 
BET: 125m2/g 
DBP oil absorption: 53 cc/100 a 
pH: 8.0 

(#458 manufactured by Mitsubishi Chemical Coiporation) 
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Electron beam sensitive vinyl chloride resin [NV 30%] 


233 parts by weight 


Vinyl chloride-epoxy-containing monomer copolymer 



10 



Electron beam sensitive polyurethane resin [NV 40%] 75 parts by weight 



Phosphorus group and hydroxy group contairyng polyester polyurethane 



15 





Methyl ethyl ketone 


145 parts by weight 




Toluene 


15 parts by weight 


20 


Cyclohexanone 


130 parts by weight 






(698 parts by weight) 



25 The components described above were dispersed in a sand grinder mill. Then, the following components were 
added thereto, followed by further dispersion to prepare an intennediate layer coating liquid. 





Butyl stearate 


1 part by weight 


30 


Sorbitan monostearate 


3 parts by weight 




Neopentyl glycol dioleate 


8 parts by weight 




Methyl ethyl ketone 


70 parts by weight 


35 


Toluene 


7 parts by weight 




Cyclohexanone 


63 parts by weight 






(850 parts by weight) 



40 

A Floppy disk was obtained in the same manner as with Example 1 with the exception that this intermediate layer 
coating liquid (30) was substituted for intermediate layer coating liquid (1). 

45 Comparative Examples 12 to 15 

Floppy disks were obtained in the same manner as with Example 1 with the exception that intermediate layer coat- 
ing liquids (31) to (34) were each suk>stituted for intermediate layer coating liquid (1). Intermediate layer coating Iquids 
(31) to (34) were prepared by using carbon black shown in Table 9 in place of carbon black in Intermediate layer coating 
so liquid (1). 



55 
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Tables 





Intermediate 
Layer Coat- 
ing Uquid 


Average 
Particle 
Size (nm) 


BET 
(m^/g) 


DBP Oil 
Absorption 
(cc/IOOg) 


PH 


Comparative Example 12 


(31) 


40 


56 


115 


8.0 


Kw^va manufactured by Mitsubishi Chemical Corporation) 






oomparative Example 13 


(32) 


26 


130 


110 1 


7.0 


K^joua manufactured by Mitsubishi Chemical Corporation) ' 


comparative Example 14 


(33) 1 


13 


360 1 


70 1 


6.5 


K^^t,uuu manufactured by Mitsubishi Chemical Corporation) 

Comparative Example 15 1 (34) 1 ^ r";^;^ r 


ni r 




(SC manufactured by Coloiribian Carbon Co.) 






7.0 



Comparative Ey^f^mplo ift 



25 



30 



35 



40 



eacH?>«:SZS:;Srr^^^^^^^^^ r -ossnn^ng agent ^ added to 

was compiled to adjust the a^Te^i^XTa^^Z^ J^^!^^ <>♦ « <*'"*ng soh^ent 

-«»r"^"9«-nep.atetSvisc;>:^:tth^^^^^^^^^^ 

and the magnetic coating liquid. Intermediate layer coafina ItauS l^^ '"termediate layer coating liquid 
biaxial oriented PET film both surfaces of ^.S^^xo^i^^^!^''^ *° ^'^'^^ °* « thick 
coating liquid (a) was applied thereto while the^rte^m^^a^iSf? I! ^ ^"'^anang adhesion, and magnetic 
and drying to form a .^etic layerTea Ser'^Ss SS:;'^^^'^^"^;^^^^^ 

treated similarly Thus, the magnetic laye y^\nTa 2^eS^Tit^Xl^^^^^ was further 

of 1.5 Mm were formed on both the surfaces of the ram^!?e2£n„Z^ 'rtermediate layer having a thickness 
having a diameter of 3.5 inches, and allovSlTstoS^at^-SSh^^ T ^"^"^ '° ^ doughnut-like form 

Alistof the intermediate lay^eraatnafiourdJt?^^^ 
10. and resuHs Of evaluate X5C'd^^:^1;e%Sn"^^^ 



45 
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As is apparent from Tables 11 and 12. the magnetic recording media of the present invention having the interme- 
diate layer comprising specific A, B and C components at specific ratios are sufficient in smoothness strength and con- 
ductivity or the intermediate layer, superior to the conventional magnetic recording media in electromagnetic 
characteristics, and particularly good in the shorter wavelength region (35 kFCI) due to the surface roughness. Further, 
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the coating system in which the intermediate laveranrtfh<.»,=„ . 

fluctuations in MOD. compared with t^T'^-^^eT^J^^T^'Z^r '"^^ """"^ ^^"^ 
•n a wet state. The comparison between Exam!.?e 20 rd^!,^f « " °" ^^"^ intermediate layer still 

present invention is equal to or better than^^T^^cSina sy^ em a^7„ ^T*' ^^^-^ <^ 

magneto recording media. ^ ^'^^ surface properties poor in the conventional 

para-uariy Ih. high denslly m^alo SrtkiolSI^SSn^i^SS!^ <*a«ae,islios, phwlcl p„p««, «c. 
Claims 

layer being mainly corrposed of a ferrorgn^?cZde"^d a^^^^^ ^a^** "«9ne.ic 

.n wh,ch said magnetic layer is formed on Li '^^^^^^^Z^^J^ «>f 0.1 Mm to 0.5 urn. 

comprises niermeaiate layer at least in a dry state, and said Intermediate layer 

(A) an inorganic material having an averaaeDarticle«;iTen« 1ft * ir„ 

(B) an inorganic material havirj an aver?ge'^^^ie ^^^^^^^^ ^^^"^ ' T'' '^"^"^^ °^ ' °^ 
more. ^ ^ ^°°"'"*°500nmandaMohs'hardnessof9or 

(C) carbon black. 

a lubricant and a binder. 

' (A) *s"iL;ts (^^^^^ ^^0. When the parts by weight o, the Inorganic material 

bon black (C) is taken as (Q.'j.eToSlt^^^^^^ 

{A}:{B} = 99:1-80:20 
{C}/{{A} + {B}) = 10-50% by weight 

45 ^ DSP oil absorption ^ 140 - (0.233 x BET) 
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(54) Magnetic recording medium 

(57) A magnetic recording medium having an inter- 
mediate layer excellent in conductivity, surface proper- 
ties and strength, and excellent in electromagnetic 
characteristics, physical properties, etc.. which com- 
prises a non-magnetic intermediate layer having a thick- 
ness of 0.5 pm to 3.0 (im formed on at least one surface 
of a non-magnetic support, and a magnetic layer formed 
thereon, said magnetic layer being mainly composed of 
a ferromagnetic powder and a binder and having a 
thickness of 0.1 ^m to 0.5 ^m, in which said magnetic 
layer is formed on said intermediate layer at least in a 
dry state, and said intermediate layer comprises 



(A) an inorganic material having an average particle 
size of 1 0 nm to 50 nm and a Mohs* hardness of 7 
or less, 

(B) an inorganic material having an average particle 
size of 1 00 nm to 500 nm and a Mohs* hardness of 
9 or more, 

(C) carbon black, 
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